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(54)  Formable  aluminium  alloy  sheet  product. 

©  An  aluminium  sheet  product  is  formed  from  an  alloy 
containing  Fe  0.6  -  1.0%,  Si  0.5  -  0.9%  and  Cu  0.3  -  0.5% 
and  includes  Ti  and  B  in  conventional  grain  refining 
amount.  Mn  is  permissible  in  amounts  up  to  0.2  -  0.3%  but 
is  preferably  held  below  0.1%.  The  Mg  impurity  content  is 
preferably  held  at  a  very  low  value  so  as  to  avoid  difficul- 
ties  with  adhesion  of  lacquer. 

The  principle  use  of  the  sheet  product  is  for  the 
production  of  bottle  closures  and  for  that  purpose  it  is 

^   preferably  produced  in  a  thickness  of  0.15  -  0.25  mm.  and 
in  a  quality  having  a  low  percentage  earing  and  fine  grain ^   size.  For  this  purpose  the  sheet  is  subjected  to  a  temper 

j*.  cold  rolling  reduction  of  30  -  60%  after  the  last  interanneal- 
W  ing  treatment.  No  homogenisation  treatment  is  required 

before  hot  reduction  of  the  cast  ingot  and  no  precipitation 
Q   heat-treatment  is  applied  to  the  hot-rolled  product  before 

cold  rolling. 
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The  p r e s e n t   i n v e n t i o n   i s   c o n c e r n e d   w i t h   a n  

a l u m i n i u m   a l l o y   s h e e t   p r o d u c t ,   p r i m a r i l y   i n t e n d e d   f o r  

u s e   f o r   p a c k a g i n g   p u r p o s e s ,   b u t   a l s o   u s e f u l   f o r   o t h e r  

p u r p o s e s   when  p r o d u c e d   in   a p p r o p r i a t e   t h i c k n e s s .   S m a l l  

g r a i n   s i z e   i s   i m p o r t a n t   i n   a l u m i n i u m   a l l o y   s h e e t   p r o d u c t  

i n t e n d e d   to  be  f o r m e d   i n t o   a  p r o d u c t   w h i c h   may  b e  

j u d g e d   by  s u r f a c e   a p p e a r a n c e .   A  s h e e t   p r o d u c t   i s   t o d a y  

c o n s i d e r e d   to   be  c o m m e r c i a l l y   a c c e p t a b l e   when  g r a i n  

s i z e   i s   even   as  h i g h   as  200  m i c r o n s .   H o w e v e r   a  p r o d u c t  

h a v i n g   a  g r a i n   s i z e   in   t h e   r a n g e   of  5 0  -   70  m i c r o n s   i s  

g r e a t l y   p r e f e r r e d   f o r   r e a s o n s   of  s u p e r i o r   a p p e a r a n c e .  

A l t h o u g h   t h e   i n v e n t i o n   i s   d e s c r i b e d .   p r i m a r i l y  

w i t h   r e f e r e n c e   to   a  s h e e t   p r o d u c t   f o r   t h e   p r o d u c t i o n   o f  

b o t t l e   c l o s u r e s ,   w h i c h   r e q u i r e   a  s h e e t   p r o d u c t   of  a  

t h i c k n e s s   in   t h e   r a n g e   of  0 . 1 5  -   0 . 2 5   mm.,  t h e   i n v e n t i o n  

i s   a p p l i c a b l e   to  s h e e t   p r o d u c t s   in   a  t h i c k n e s s   r a n g e  o f  

3  mm.  as  r e q u i r e d   f o r   p r e s s s i n g s   f o r   k i t c h e n   u t a n s i l s ,  

down  to  15  m i c r o n s   f o r   v e r y   t h i n   a l u m i n i u m   f o i l .  

L a r g e   q u a n t i t i e s   of  a l u m i n i u m   a l l o y s   a r e   u s e d  

f o r   t h e   p r o d u c t i o n   of  b o t t l e   c l o s u r e s   and  s i m i l a r  

p u r p o s e s ,   s u c h   a s  p r o d u c t i o n   of  can  e n d s   and  f o i l  

c o n t a i n e r s .   F o r   b o t t l e   c l o s u r e s   t h e r e   i s   a  r e q u i r e m e n t  

f o r   s h e e t   h a v i n g   good   f o r m a b i l i t y   in   c o n j u n c t i o n   w i t h  

a d e q u a t e   s t r e n g t h   to  w i t h s t a n d   t h e   f o r c e s   g e n e r a t e d   b y  

c a r b o n a t e d   b e v e r a g e s ,   c o u p l e d   w i t h   good  l a c q u e r  

a d h e s i o n ,   s i n c e   a  c l o s u r e   f o r n e d   f r o m   the   s h e e t   w i l l  

come  i n t o   c o n t a c t   w i t h   l i q u i d s ,   p a r t i c u l a r l y   b e v e r a g e s .  

I t   w i l l   be  c l e a r   t h a t  p r o v i d e d   r e q u i r o d  

l a c q u e r   a d h e s i o n   and  f o r m a b i l i t y   c h a r a c t e r i s t i e s   a r e  

p r e s e n t ,   an  i n c r e s s e   in   t h e   s t r e n g t h   c h a r a c t e r i s t i c s   o f  

t h e   a l l o y   ( o v e r   o t h e r   a l l o y s   e m p l o y e d   f o r   t h e   s a m e  

p u r p o s e )   can   l e a d   t o  s u b s t a n t i a l   s e c o m i s e ,   b e c a u s e   i t  

p e r m i t s   t h e  s h e e t   to   be  e m p l o y e d   at  a  l o w e r   g a u g e  

( t h i c k e s s )   to   p e r f o r m   a  p a r t i o n f l a r   f u n c t i o n .   F o r  



i n s t a n c e   a  t h i c k n e s s   r e d u c t i o n   of  as  l i t t l e   as  0 . 0 1   mm. 
( a b o u t   4%)  can   l e a d   to   s i g n i f i c a n t   e c o n o m i e s   i n   t h e  

p r o d u c t i o n   of  b o t t l e   c l o s u r e s   and  o t h e r   s i m i l a r  

a r t i c l e s .  

S i m i l a r   e c o n o m i e s   can   be  a c h i e v e d   i f   e x p e n -  
s i v e   l o n g - t i m e ,   h i g h - t e m p e r a t u r e   h e a t   t r e a t m e n t s   can   b e  

o b v i a t e d .  

I t   i s   w e l l   known  t h a t   t h e   p r e s e n c e   of  m a g n e s -  
ium  o x i d e   in   t he   o x i d e   s u r f a c e   l a y e r   on  a l u m i n i u m  

r e d u c e s   t h e   l a c q u e r   a d h e s i o n   c h a r a c t e r i s t i c s   of  a n  
a l u m i n i u m   a l l o y   s h e e t   and  f o r   t h a t   r e a s o n   i t   i s   a l r e a d y  

common  p r a c t i c e   to   r e s t r i c t   t h e   Mg  c o n t e n t   of  an  A l  

a l l o y   f o r   p a c k a g i n g   to   i m p u r i t y   l e v e l s ,   so  t h a t   t h e   Mg 

l e v e l   of  many  known  a l l o y s   f o r   t h e   p r e s e n t   p u r p o s e   i s  

c o m m o n l y   no  more   t h a n   0 . 0 5 % .   S u c h   a l l o y s   c an   b e  

c o n s i d e r e d   as  M g - f r e e   and  t h e   a l l o y   of  t h e   p r e s e n t  
i n v e n t i o n   i s   an  a l l o y   of  t h a t   c l a s s .  

B o t t l e   c l o s u r e s   a r e   f r e q u e n t l y   e x t e r n a l l y  

p r i n t e d .   The  p r i n t e d   m e s s a g e   i s   a p p l i e d   to  t h e   f l a t  

s h e e t   b e f o r e   t h e   i n d i v i d u a l   c l o s u r e   b l a n k s   a r e   s t a m p e d  

o u t   of  t h e   s h e e t   and  d r a w n   i n t o   c l o s u r e s .   I n   o r d e r  

t h a t   t h e   p r i n t e d   m e s s a g e   s h a l l   n o t   b e c o m e   u n d u l y  

d i s t o r t e d   i n   t h e   d r a w i n g   o p e r a t i o n   f o r   deep   d r a w n  

c l o s u r e s   of  t h e   p i l f e r p r o o f   t y p e   i t   i s   i m p o r t a n t   t h a t  

t h e   e a r i n g   v a l u e   e x h i b i t e d   by  t h e   s h e e t   d o e s   n o t   s u b -  

s t a n t i a l l y   e x c e e d   2%,  a l t h o u g h   t h i s   i s   l e s s   i m p o r t a n t  

w i t h   s h a l l o w e r   c l o s u r e s ,   w h i c h   a r e   n o t   p r i n t e d   on  t h e  

s k i r t .   H i g h e r   e a r i n g   v a l u e s   a r e   a c c e p t a b l e   f o r   s h a l l o w  

c l o s u r e s   of  t h e   c l i p - o n   t y p e ;   a l s o   f o r   s h a l l o w  

c o n t a i n e r s   of  t h e   t y p e   e m p l o y e d   f o r   p a c k i n g   i n d i v i d u a l  

p o r t i o n s   of  f o o d s t u f f s .  

The  e a r i n g   v a l u e   e x h i b i t e d   by  an  a l u m i n i u m  

a l l o y   s h e e t  i s   d e p e n d e n t   b o t h   u p o n   t he   a l l o y   c o m p o s i -  

t i o n   and  u p o n   t h e   c o n d i t i o n s   u n d e r   w h i c h   t h e   s h e e t  

p r o d u c t   i s   p r o d u c e d   f rom  t h e   i n i t i a l   a s - c a s t   or   h o t -  



r o l l e d   s l a b .   In   p a r t i c u l a r   e a r i n g   a t   4 5 °   to   r o l l i n g  

d i r e c t i o n   t e n d s   to   i n c r e a s e   w i t h   i n c r e a s e   in   t h e  

p e r c e n t a g e   c o l d   r e d u c t i o n   a p p l i e d   d u r i n g   t e m p e r   r o l l i n g ,  

t h a t   i s   to  s a y ,   c o l d   r o l l i n g   a p p l i e d   a f t e r   t h e   f i n a l  

a n n e a l i n g   h e a t   t r e a t m e n t   to  i n c r e a s e   t h e   s t r e n g t h   o f  

t h e   p r o d u c t .   Fo r   p a c k a g i n g   p u r p o s e s ,   p a r t i c u l a r l y   f o r  

t h e   p r o d u c t i o n   of  b o t t l e   c l o s u r e s ,   i t   i s   d e s i r a b l e   t h a t  

t h e   a l l o y   s h o u l d   be  c a p a b l e   of  b e i n g   p r o c e s s e d   t o  

e x h i b i t   a  low  e a r i n g   v a l u e   a f t e r   a  l a r g e   f i n a l   p e r c e n -  

t a g e   r e d u c t i o n   ( i n   e x c e s s   of  30%)  by  t e m p e r   r o l l i n g .  

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   a n  

a l u m i n i u m   a l l o y   s h e e t   p r o d u c t   i s   p r o d u c e d   f r o m   a n  

a l u m i n i u m   a l l o y   h a v i n g   t h e   c o m p o s i t i o n  :  

Ti+B  i n   c o n v e n t i o n a l   g r a i n   r e f i n i n g   a m o u n t  
( T i + B   0 . 0 0 6  -   0 . 0 6 % )  

O t h e r s   up  to   0 . 15%  t o t a l   and  0 . 0 5 %   e a c h  

Al  b a l a n c e  

I t   i s   p r e f e r r e d   t h a t   t h e   Fe  and  Si   c o n t e n t s  

s h o u l d   e a c h   be  in   t h e   r a n g e   0 . 6  -   0 . 8 % .   The  Fe  +  S i  

c o n t e n t   s h o u l d   p r e f e r a b l y   n o t   e x c e e d   1 . 6 %  a n d   s h o u l d  

p r e f e r a b l y   be  in   t h e   r a n g e   1 . 3 0  -   1 . 5 0 % .   When  Fe  +  S i  

c o n t e n t   r i s e s   a b o v e   1 .6%  e a r i n g   p r o g r e s s i v e l y  

i n c r e a s e s .   The  r a t i o   F e / S i   p r e f e r a b l y   i s   n o t   l e s s   t h a n  

1 . 0 0   so  as  to  c o n t r o l   g r a i n   s i z e .   The  r a t i o   F e / S i  

s h o u l d   n o t   be  l e s s   t h a n   0 . 9   and  p r e f e r a b l y   d o e s   n o t  

e x c e e d   1 . 4 .  

Mg  c o n t e n t   i s   p r e f e r a b l y   no  h i g h e r   t h a n   0 . 0 2 %  

and  even   more  p r e f e r a b l y   no  h i g h e r   t h a n   0 . 0 1 %   to  a v o i d  

a l l   p o s s i b i l i t y   f o r   r e q u i r e m e n t   of  s u r f a c e   t r e a t m e n t  

to   r e m o v e   s u r f a c e   o x i d e   b e f o r e   l a c q u e r i n g .  

M a n g a n e s e   i s   p r e f e r a b l y   in   an  a m o u n t   n o  m o r e  



t h a n   0 .2%  and  u s u a l l y   i s   p r e s e n t   i n   no  more   t h a n  

i m p u r i t y   a m o u n t   ( b e l o w   0 . 0 % ) .   H o w e v e r   i t   may  b e  

d e s i r a b l e   to   add  m a n g a n e s e   i n   a m o u n t s   up  to   0 .3%  t o  

i m p r o v e   t h e   s t r e n g t h   of  t he   a l l o y   w h e r e   a  r e l a t i v e l y  

l a r g e   g r a i n   s i z e   i s   of  l e s s e r   i m p o r t a n c e .  

I t   i s   a l r e a d y   w e l l   known  to   p r o d u c e  
a l u m i n i u m   a l l o y   s h e e t   f o r   p r o d u c t i o n   of  b o t t l e  

c l o s u r e s   i n   an  a l l o y   c o n t a i n i n g   1%  Mn  and  0 .3%  C u ,  

u s u a l l y   w i t h   a  s m a l l   a d d i t i o n   of  c h r o m i u m .   H o w e v e r  

s u c h   a l l o y   r e q u i r e d   p r o l o n g e d   h o m o g e n i s a t i o n   h e a t  

t r e a t m e n t   of  t h e   i n g o t   b e f o r e   h o t   r o l l i n g   i n   o r d e r  

to   a c h i e v e   a p p r o p r i a t e l y   low  g r a i n   s i z e   and  low  e a r i n g  
v a l u e s   i n   t h e   f i n a l   c o l d - r o l l e d   s h e e t   p r o d u c t .  

The  a l l o y   of  t h e   p r e s e n t   i n v e n t i o n   r e s u l t s  

i n   t he   p r o d u c t i o n   of  an  a l l o y   s h e e t   p r o d u c t   w h i c h   h a s  

s i m i l a r   s t r e n g t h   and  e a r i n g   c h a r a c t e r i s t i c s   to   t h a t  

known  p r o d u c t ,   b u t   w h i c h   i s   e a s i e r   to   p r o d u c e   b e c a u s e  

no  h o m o g e n i s a t i o n   of  t h e   i n g o t   i s   r e q u i r e d   to  m a i n t a i n  

t h e   g r a i n   s i z e   a t   an  a c c e p t a b l e   l e v e l .   I n   c o n s e q u e n c e  
t h e   c o s t   of  p r o c e s s i n g   t h e   a l l o y   to   t h e   f i n a l   s h e e t  

p r o d u c t   i s   r e d u c e d   i n   r e l a t i o n   to   t h e   known  m a n g a n e s e -  

c o n t a i n i n g   a l l o y   s h e e t .  

I t   i s   a l r e a d y   w e l l   known  to   p r o d u c e   a n  

a l u m i n i u m   a l l o y   s h e e t   c o n t a i n i n g   0 . 7 5 %   Fe  and  0 . 7 5 %   S i .  

The  m a t e r i a l   has   s u b s t a n t i a l l y   l o w e r   s t r e n g t h   t h a n   t h e  

a l l o y   s h e e t   of  t h e   p r e s e n t   i n v e n t i o n   when   p r o d u c e d   i n  

a  t e m p e r   s u i t a b l e   f o r   p r o d u c t i o n   of  d e e p - d r a w n   c l o s u r e s  

and  i s   t h e r e f o r e   n o t   c o m p e t i t i v e   w i t h   o t h e r   k n o w n  

p r o d u c t s   f o r   t h a t   p u r p o s e .  

As  c o m p a r e d   w i t h   t h e   known  A l - M n - C u   a l l o y   t h e  

low  l e v e l   of  Mn  c o n t e n t   l e a d s   to   a  r e d u c t i o n   i n   t h e  

g r a i n   s i z e   and  p e r m i t s   a  g r e a t e r   r e d u c t i o n   by  t e m p e r  

c o l d   r o l l i n g   w i t h o u t   g i v i n g   r i s e   to  h i g h   e a r i n g   v a l u e s .  

As  t h e   Mn  c o n t e n t   of  t h e   a l l o y   of  t he   i n v e n t i o n   i s  

i n c r e a s e d   f rom  an  i m p u r i t y   l e v e l   cf   b e l o w   0 .05%  t o  



0 . 2  -   0.3%  t h e   g r a i n   s i z e   and  e a r i n g   v a l u e   s o m e w h a t  

i n c r e a s e s   bu t   t h e r e   i s   some  a d v a n t a g e o u s   i n c r e a s e   i n  

t e n s i l e   s t r e n g t h ,   f o r   a  g i v e n   f i n a l   t e m p e r   r o l l i n g  

r e d u c t i o n .  

In   t h e   p r o d u c t i o n   of  b o t t l e   c l o s u r e s   i t   i s  

i m p o r t a n t   t h a t   t he   s h e e t   i s   of  c o n s i s t e n t   s t r e n g t h  

q u a l i t i e s .   M a t e r i a l   t h a t   i s   s t r o n g e r   t h a n   t h e   s p e c i -  

f i e d   s t r e n g t h   can   l e a d   to   d i f f i c u l t i e s   in   t h e   p r o d u c -  

t i o n   and  u t i l i s a t i o n   of  b o t t l e   c l o s u r e s ,   p a r t i c u l a r l y  

b o t t l e   c l o s u r e s   of  t he   p i l f e r p r o o f   t y p e .  

In   t h e   p r o d u c t i o n   of  b o t t l e   c l o s u r e s   ( a n d   o f  

o t h e r   a r t i c l e s   f o r m e d   by  d r a w i n g   c i r c u l a r   b l a n k s )   v e r y  

l a r g e   a m o u n t s   of  s c r a p   a r e   g e n e r a t e d   as  a  r e s u l t   o f  

p u n c h i n g   t h e   c i r c u l a r   b l a n k s   ou t   of  s h e e t .   T h i s   s c r a p  
i s   c u s t o m a r i l y   r e c y c l e d   to   t h e   s h e e t   p r o d u c e r .  

I t   i s   f a r  s i m p l e r   ( a n d   t h e r e f o r e   l e s s   c o s t l y )  

to   m a i n t a i n   u n i f o r m   q u a l i t y   when  t h e   n u m b e r   of  a l l o y i n g  

c o n s t i t u e n t s   i s   k e p t   s m a l l ,   p a r t i c u l a r l y   when  a  l a r g e  

p r o p o r t i o n   of  r e c y c l e d   s c r a p   i s   e m p l o y e d .   B e a r i n g   i n  

mind   t h a t   t he   l e v e l s   of  Fe  and  Si  a l w a y s   r e q u i r e   c o n t r o l  

in   a l u m i n i u m   a l l o y s ,   t h e   a l l o y   of  t h e   p r e s e n t   i n v e n t i o n  

r e q u i r e s   o n l y   a d d i t i o n   of  Cu,  as  c o m p a r e d   w i t h   Mn,  Cu  

and  Cr  in   t h e   known  a l l o y   r e f e r r e d   to   a b o v e   and  i s  

t h e r e f o r e   a d v a n t a g e o u s   o v e r   t h e   known  a l l o y   f r o m   t h a t  

a s p e c t .   I t   i s   a l s o   one  of  t h e   r e a s o n s   i n f l u e n c i n g   a  

p r e f e r e n c e   to   h o l d i n g   t h e   Mn  c o n t e n t   of  t h e   p r e s e n t  

a l l o y   to  a  l e v e l   of  l e s s   t h a n   0 . 1 % .  

A l - F e - S i   a l l o y s ,   c o n t a i n i n g   Cu  a d d i t i o n s ,   i n  

a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   have   b e e n   e x a m i n e d   e x p e r i -  

m e n t a l l y   in   t h e   l a b o r a t o r y   u s i n g   6 3 . 5   mm.  t h i c k   D . C .  

i n g o t s   r o l l e d   by  a  p r a c t i c e   d e s i g n e d   to  s i m u l a t e   t h e  

h o m o g e n i s a t i o n   and  r o l l i n g   p r a c t i c e   u s e d   c o m m e r c i a l l y  

to   p r o d u c e   c l o s u r e   s t o c k   f r o m   m a n g a n e s e - c o n t a i n i n g   A l  

a l l o y s .   The  two  a l l o y s   u s e d   we re   as  f o l l o w s : -  



T h e s e   we re   h o m o g e n i s e d   a t   610°C   d u r i n g   9 - 1 0   h o u r s ,  

c o o l e d   to   570°C  and  h o t   r o l l e d   to   19  mm.,   r e h e a t e d   t o  

4 5 0 ° C   and  h o t   r o l l e d .   to   3 . 6   mm.  to   s i m u l a t e   a  p r a c t i c e  

e m p l o y e d   f o r   t h e   known  Al-Mn  1%  a l l o y .   The  s l a b  

t e m p e r a t u r e s   a t   t h a t   p o i n t   we re   a b o u t   1 7 0 ° C ,   i . e .   m u c h  

l o w e r   t h a n   in   c o m m e r c i a l   r o l l i n g .   A f t e r   c o l d   r o l l i n g  

to   0 . 9 1   mm.  t h e   m a t e r i a l   was  a n n e a l e d   at  3 8 0 ° C ,   c o l d  

r o l l e d   to   0 . 3 3   mm.,  a n n e a l e d   a g a i n ,   and  f i n a l l y   c o l d  

r o l l e d   to   0 . 2 3   mm.,  i . e . ~ 3 0 %   c o l d   r e d u c t i o n ,   a f t e r  

a n n e a l i n g .   The  s t r e n g t h ,   e a r i n g   and  g r a i n   s i z e   of  t h e  

f i n a l   s h e e t   m a t e r i a l   a r e   g i v e n   i n   t h e   t a b l e   b e l o w .  

A l s o   i n c l u d e d   a r e   t h e   p r o p e r t i e s   of  t h r e e   known  a l l o y s ,  

t e m p e r - r o l l e d   to   an  a p p r o x i m a t e l y   e q u i v a l e n t   c o n d i t i o n ,  

and  s u b j e c t e d   to   t h e   same  h o m o g e n i s a t i o n   t r e a t m e n t   b e f o r e  

h o t   r o l l i n g ,   e x c e p t   f o r   t h e   A l - F e - S i   a l l o y .  

T h i s   s h o w s   t h a t   t h e   a d d i t i o n   o f  ~ 0 . 4 %   Cu  t o  

t h e   known  A l - F e - S i   a l l o y   p r o d u c e s   a  s t r e n g t h e n i n g   a n d  

t h a t   i n   t h i s   c o n d i t i o n   i t s   p r o p e r t i e s   a r e   s i m i l e r   t o  

t h o s e   of  t h e   known  A l -1%  Mn  a l l o y .   I t   c a n   be  s e e n   t h a t  

t h e   h o m o g e n i s a t i o n   t r e a t m e n t   has   f a i l e d   to  r e d u c e   t h e  

g r a i n   s i z e   of  A l -1%  hn  a l l o y   to   t h e   p r e f e r r e d   l e v e l .  



The  e f f e c t   of  t h e   Cu  a d d i t i o n   to  t h e   k n o w n  

A l - F e - S i   a l l o y   w i l l   be  s e e n   to   i n c r e a s e   t h e   s t r e n g t h   o f  

t he   c o l d - r o l l e d   s h e e t   p r o d u c t   by  a t   l e a s t   10%  w h i l e  

r e t a i n i n g   a d v a n t a g e o u s   e a r i n g   c h a r a c t e r i s t i c s   and  f i n e  

g r a i n   s i z e ,   so  t h a t   i t   a l l o w s   a  t h i c k n e s s   r e d u c t i o n   o f  

t he   o r d e r   of  10%  w i t h o u t   l o s s   of  o v e r a l l   s t r e n g t h .  

When  Cu  i s   a d d e d   in   a m o u n t s   b e l o w   0 .3%  t h e   i n c r e a s e   i n  

s t r e n g t h   i s   l e s s   and  t h e   p r o d u c t   i s   i n s u f f i c i e n t l y  

s t r o n g   as  to   be  c o m p e t i t i v e   w i t h   o t h e r   known  p r o d u c t s  

w h i c h   e x h i b i t   t h e   d e s i r e d   low  e a r i n g   v a l u e   and  s m a l l  

g r a i n   s i z e .   When  t h e   Cu  c o n t e n t   i s   r a i s e d   a b o v e   0 . 5 %  

t h e   f o r m a b i l i t y   and  c o r r o s i o n   r e s i s t a n c e   of  t h e   a l l o y  

d e c l i n e s .  

I t   was  p r e d i c t e d   t h a t   i n c r e a s i n g   t h e   c o l d  

r e d u c t i o n   of  a l l o y   C1  to   a p p r o x i m a t e l y   40%  and  50%  t o  

g i v e   e i t h e r   H . 1 5   or  H . 1 6   t e m p e r   w o u l d   r a i s e   t h e   U . T . S .  

to   179  MPa  and  183  MPa  r e s p e c t i v e l y   u n d e r   t h e s e  

l a b o r a t o r y   c o n d i t i o n s .   I n c r e a s e d   t e m p e r   r o l l i n g  

i n c r e a s e s   4 5 °   e a r i n g   b u t   i t   i s   known  t h a t   t h e   low  h o t  

m i l l   s l a b   t e m p e r a t u r e   in   t h e   l a b o r a t o r y   t r i a l s   w i l l  

h a v e   a c c e n t u a t e d   t he   45°   e a r i n g   in   c o m p a r i s o n   w i t h  

c o m m e r c i a l   r o l l i n g   c o n d i t i o n s ,   h e n c e   t h e   e a r i n g   a t   t h e  

h i g h e r   r e d u c t i o n   of  4 0 - 5 0 %   w o u l d   s t i l l   be  e x p e c t e d   t o  

be  w i t h i n   t h e   2%  maximum  r e q u i r e d ,   and  t h i s   w a s  

c o n f i r m e d   i n   f u r t h e r   t r i a l s .  

T h e s e   f u r t h e r   t r i a l s   were   c a r r i e d   o u t   on  a  

l a r g e r   s c a l e ,   in   w h i c h   t h e   s p e c i f i c a t i o n   of  t h e   a l l o y  

was  as  f o l l o w s : -  

The  i n g o t s   e m p l o y e d  i n   t h i s   t r i a l   we re   f u l l -  

s i z e   c o m m e r c i a l   r o l l i n g   i n g o t s .   A f t e r   s c a l p i n g   t h e  

i n g o t s   were   p r e h e a t e d   to  a c h i e v e   t e m p e r a t u r e   e q u a l i -  



s a t i o n   b e f o r e   r o l l i n g   by  h o l d i n g   a t   5 7 0 °  -   580°C  f o r  

6  h o u r s ,   c o m p a r e d   w i t h   a  t y p i c a l   p r a c t i c e   f o r   h o m o -  

g e n i s i n g   Al -1%  Mn  a l l o y s ,   w h i c h / i n v o l v e s   h o l d i n g   a t   a  

t e m p e r a t u r e   of  5 9 0 - 6 2 5 0 C   f o r   1 2 - 7 0   h o u r s .   The  i n g o t  

was  t h e n   h o t - r o l l e d   to   h o t - m i l l   c o i l   m a t e r i a l   a t   a  

t h i c k n e s s   in   t h e   r a n g e   of  3 -4   mm.  T h i s   was  t h e n   c o l d  

r o l l e d   down  to   c l o s u r e   s t o c k   g a u g e   w i t h   f i n a l   t e m p e r  

r e d u c t i o n s   of  40%  and  50%  r e s p e c t i v e l y .   The  h e a t i n g  

a p p l i e d   to   t h e   i n g o t   b e f o r e   h o t   r o l l i n g   was  t y p i c a l   o f  

t h e   h e a t i n g   c o n v e n t i o n a l l y   e m p l o y e d   to   e n s u r e   t h a t   a  

l a r g e   i n g o t   i s   b r o u g h t   to   a  u n i f o r m   t e m p e r a t u r e   and  i s  

t y p i c a l   of  t h a t   a p p l i e d   to   u n a l l o y e d   a l u m i n i u m   i n g o t  

b e f o r e   h o t - r o l l i n g .  

P r o p e r t i e s   o b t a i n e d   we re   as  f o l l o w s : -  

The  a b o v e   n o t e d   p r o p e r t i e s   a r e   t h o s e   o b t a i n e d  

b e f o r e   t h e   s h e e t   i s   l a c q u e r e d .   The  a p p l i c a t i o n   o f  

l a c q u e r   i s   c o n v e n t i o n a l l y   f o l l o w e d   by  a  s t o v i n g   t r e a t -  

m e n t ,   w h i c h   l e a d s   to   some  a n n e a l i n g   and  r e d u c t i o n   i n  

t h e   s t r e n g t h   of  t h e   s h e e t .  

S i n c e   t h e r e   i s   a  p o s s i b i l i t y   t h a t   t h e   u s e   o f  

t h i s   a l l o y   c o u l d   be  e x t e n d e d   t o   o t h e r   a p p l i c a t i o n s  

r e q u i r i n g   h i g h e r   s t r e n g t h   b u t   n o t   n e c e s s a r i l y   s u c h   g o o d  

e a r i n g   b e h a v i o u r ,   h a r d e r   t e m p e r s   w e r e   a s s e s s e d .   F o r  

t h i s   p u r p o s e   s a m p l e s   of  a  h o t - r o l l e d   m i l l   c o i l   w e r e  

s u b j e c t e d   to   f o u r   r o l l i n g   p r a c t i c e s ,   c h o s e n   f o r   e v a l u -  

a t i o n .   T h e s e   we re   as  f o l l o w s  

A.  C o l d   r o l l e d   to  0 . 0 4 0   i n .   (1  m m . ) ,   a n n e a l e d ,   c o l d  

r o l l e d   to   0 . 0 1 4 5   i n .   ( 0 . 3 7   m m . ) ,   a n n e a l e d   a n d  

t e m p e r - r o l l e d   to  0 . 0 0 8 7   i n .   ( 0 . 2 2   m m . ) .  

B.  C o l d   r o l l e d   to   0 . 0 4 0   i n .   (1  m m . ) ,   a n n e a l e d ,  

c o l d   r o l l e d   to  0 . 0 0 9   i n .   ( 0 . 2 3   m m . ) .  



C.  A n n e a l e d   and  c o l d   r o l l e d   to   0 . 0 0 3   i n .   ( 0 . 2 3   m m . ) .  

D.  C o l d   r o l l e d   ( w i t h o u t   a n n e a l i n g )   to  0 . 0 0 9   i n .  

( 0 . 2 3   m m . ) .  

P r a c t i c e   A  was  e f f e c t i v e l y   t he   p r a c t i c e   o f  

t h e   f o r e g o i n g   l a r g e   s c a l e   t r i a l s   to   p r o d u c e   H .15   t a m p e r .  

A n n e a l i n g   was  at   380°C  f o r   2  h o u r s .   One  edge   and  o n e  

c e n t r e   of  the   h o t - r o l l e d   m i l l   c o i l   s a m p l e   was  r o l l e d  b y  

e a c h   p r a c t i c e .  

E a r i n g   and  t e n s i l e   t e s t s   were   c a r r i e d   ou t   o n  

t h e   m a t e r i a l   a t   f i n a l   g a u g e .   G r a i n   s i z e s   were   d e t e r -  

m i n e d   f o r   p r a c t i c e s   A,  B  and  C  e i t h e r   at   t h e   l a s t   a n n e a l  

s t a g e   o r ,   as  in   t h e   c a s e   of  p r a c t i c e   C,  a f t e r   some  c o l d  

r o l l i n g .   In  a d d i t i o n ,   m a t e r i a l   f r o m   p r a c t i c e s   C  and  D 

were   t r e a t e d ,   b e f o r e   t e n s i l e   t e s t i n g ,   f o r   20  m i n s .   a t  

205°C  to  s i m u l a t e   a  f a i r l y   s e v e r e   s t o v i n g   t r e a t m e n t  

a f t e r   l a c q u e r i n g .  

The  r e s u l t s   of  t h e   t e s t s   a r e   g i v e n   in   t h e  

t a b l e   b e l o w .   The  s t r e n g t h   i n c r e a s e s   p r o g r e s s i v e l y   w i t h  

c o l d   r o l l i n g   r e d u c t i o n   as  w o u l d   be  e x p e c t e d .   H o w e v e r ,  

f o r   t h e   p r a c t i c e s   C  and  D  t h e r e   i s   l i t t l e   to   c h o o s e   i n  

m e c h a n i c a l   p r o p e r t i e s   b e t w e e n   m a t e r i a l   a n n e a l e d   a t   t h e  

h o t   m i l l   c o i l   s t a g e   and  t h a t   w h i c h   h a s   n o t   b e e n  

a n n e a l e d .  

The  a m o u n t   of  45°   e a r i n g   i n c r e a s e s   w i t h   c o l d  

r o l l i n g   and  i t   can   be  shown  t h a t   t h i s   i n c r e a s e   i s  

a p p r o x i m a t e l y   l i n e a r   w i t h   t h e   c o l d   r e d u c t i o n   when  i t   i s  

e x p r e s s e d   as  a  t r u e   r o l l i n g   s t r a i n .   Hot  m i l l   c o i l  

a n n e a l i n g   r e s u l t s   in   o n l y   a  m a r g i n a l   r e d u c t i o n   in   t h e  

e a r i n g   r e s u l t i n g   f r o m   p r a c t i c e   C  as  c o m p a r e d   w i t h  

p r a c t i c e   D .  

The  g r a i n   s i z e s   we re   a l l   f i n e ,   t h e   c o a r s e s t  

b e i n g   as  e x p e c t e d   t h a t   of  m a t e r i a l   a n n e a l e d   a t   t h e   h o t  

m i l l   c o i l   s t a g e   w i t h   a  g r a i n   s i z e   of  a r o u n d   5 0 - 7 0  

m i c r o n s .   B o t h   t h e   A  and  B  p r a c t i c e s   gave   g r a i n   s i z e s  

f i n e r   t h a n   t h e s e   q u o t e d   f o r   some  c o m m e r c i a l l y   p r o d u c e d  

m a t e r i a l   f o r   b o t t l e   c l o s u r e s .  



T h e  p r o p e r t i e s   o b t a i n e d   a r e   r e c o r d e d   in   t h e  

f o l l o w i n g   t a b l e .  

I t   f o l l o w s   f r o m   t h e   a b o v e   f i g u r e s   and  f r o m  

t h e   t e s t s   s t a t e d   e a r l i e r   h e r e i n   t h a t   t h e   f i n a l   t e m p e r -  

r o l l i n g   r e d u c t i o n   s h o u l d   n o t   g r e a t l y   e x c e e d   50%  ( s h o u l d  

n o t   be  more   t h a n   a b o u t   60%)  so  l o n g   as  i t   i s   d e s i r e d   t o  

r e t a i n   an  e a r i n g   v a l u e   b e l o w   or  n o t   g r e a t l y   e x c e e d i n g  

2%.  The  t e m p e r   r o l l i n g   r e d u c t i o n   s h o u l d   n o t   be  m u c h  



l e s s   t h a n   30%  to  a c h i e v e   a  minimum  U . T . S .   of  150  H P a .  

H o w e v e r   w h e r e   s t r e n g t h ,   as  o p p o s e d   to  low  e a r i n g   v a l u e s ,  
i s   of  g r e a t e r   i m p o r t a n c e ,   as  f o r   i n s t a n c e   in   t h e   c a s e  

of  a l u m i n i u m   f o i l   f o r   d o m e s t i c   u s e ,   t h e n   i t   w o u l d   b e  

p r e f e r r e d   to  u s e   t e m p e r   r o l l i n g   r e d u c t i o n s   in   e x c e s s   o f  

8 0 % .  

The  s h e e t   p r o d u c t s   p r o d u c e d   f r o m   t h e   d i f f e r e n t  

c o m p o s i t i o n s   d e s c r i b e d   h e r e i n   a l l   e x h i b i t   g r a i n   s i z e s  

s u b s t a n t i a l l y   b e l o w   a  c o m m e r c i a l   a c c e p t a b l e   l i m i t   a n d  

i n d e e d   a l l   show  a  g r a i n   s i z e   b e l o w   100  m i c r o n s -  

I t   w i l l   be  n o t e d   t h a t   no  h e a t   t r e a t m e n t   of  t h e  

h o t   r o l l e d   s l a b   b e f o r e   c o m m e n c e m e n t   of  c o l d - r o l l i n g   w a s  

e m p l o y e d   in   p r a c t i c e s   A  and  B,  w h e r e   a n n e a l i n g   w a s  

a p p l i e d   a t   an  i n t e r m e d i a t e   s t a g e   or  s t a g e s   in   t h e   c o l d -  

r o l l i n g   s c h e d u l e s .   The  i n i t i a l   a n n e a l i n g   t r e a t m e n t  

e m p l o y e d   in   p r a c t i c e   C  s h o w e d   l i t t l e   i f   any  a d v a n t a g e  

o v e r   p r a c t i c e   D .  

The  s h e e t   p r o d u c t   of  t h e   p r e s e n t   i n v e n t i o n   i s  

a  w o r k - h a r d e n e d   p r o d u c t   and  i t s   p r o d u c t i o n   d o e s   n o t  

i n v o l v e   any  p r e c i p i t a t i o n   h e a t   t r e a t m e n t   of  t h e   p r o d u c t  

a f t e r   t h e   c o m p l e t i o n   of  h o t   w o r k i n g .   S u b s e q u e n t   h e a t  

t r e a t m e n t   of  t h e   s t r i p   i s   l i m i t e d   to   a n n e a l i n g   a t  

i n t e r m e d i a t e   s t a g e s   f o r   r e c r y s t a l l i s a t i o n   to   e f f e c t  

c o n t r o l   of  e a r i n g   and  f o r   s o f t e n i n g   t h e   m a t e r i a l   t o  

r e d u c e   t h e   work   i n v o l v e d   in   s u b s e q u e n t   c o l d   r o l l i n g  

s t a g e s .   Where  e a r i n g   c h a r a c t e r i s t i c s   a r e   of  l i t t l e  

i m p o r t a n c e   i t   can   be  s e e n   f r o m   t he   a b o v e   r e s u l t s   t h a t   a  

p r o d u c t   can  be  p r o d u c e d   w i t h o u t   any  a n n e a l i n g   s t a g e .  

A l l   p e r c e n t a g e s   and  r a t i o s   r e l a t i n g   to   a l l o y  

c o m p o s i t i o n s   h e r e i n   d e s c r i b e d   a r e   by  w e i g h t .  



The  m e t h o d   of  p r o d u c i n g   t h e   a l l o y   s h e e t   p r o d u c t  

of  t he   p r e s e n t   i n v e n t i o n   has   b e e n   d e s c r i b e d   in   t e r m s   o f  

i t s   p r o d u c t i o n   on  a  c o m m e r c i a l   s c a l e   f rom  a  c o n v e n t i o n a l  

c o m m e r c i a l   r o l l i n g   i n g o t   w h i c h   has   a  t h i c k n e s s   such   t h a t  

i t   r e q u i r e s   s u b s t a n t i a l   t h i c k n e s s   r e d u c t i o n   by  h o t   r o l l i n g  

b e f o r e   b e i n g   s u b j e c t e d   to  r e d u c t i o n   by  c o l d   r o l l i n g .  

The  a l l o y   e m p l o y e d   f o r   t he   p r o d u c t i o n   of  t he   s h e e t   p r o d u c t  

i s   h o w e v e r  c a p a b l e   of  b e i n g   c a s t   a t   a  t h i c k n e s s   s u i t a b l e  

f o r   r e d u c t i o n   by  c o l d   r o l l i n g   a l o n e   by  t he   u s e   of  v a r i o u s  

f o r m s   of  s t r i p   c a s t e r ,   s u c h   as  t h e   w e l l - k n o w n   H u n t e r  

t w i n - r o l l   s t r i p   c a s t e r ,   w h i c h   t y p i c a l l y   p r o d u c e s   c a s t  

s t r i p   in   a  t h i c k n e s s   of  5-8  mms .  

The  c a s t   s t r i p   of  t he   p r e s e n t   a l l o y   p r o d u c e d   i n  

t h a t   way  may  be  r e d u c e d   to  t h e   a p p r o p r i a t e   t h i c k n e s s   b y  

c o l d   r e d u c t i o n   a l o n e   and  w i t h o u t   any  p r e c i p i t a t i o n   h e a t  

t r e a t m e n t   of  t h e   c a s t   s t r i p .   I t   may  be  d e s i r a b l e   to  a p p l y  

a  c o n v e n t i o n a l   r e c r y s t a l l i s a t i o n   a n n e a l i n g   t r e a t m e n t   b e f o r e  

a n d / o r   d u r i n g   c o l d   r e d u c t i o n   of  t h e   c a s t   s t r i p .  



1.  An  a l u m i n i u m   a l l o y   s h e e t   p r o d u c t   f o r m e d   of  a n  

a l l o y   h a v i n g   t h e   c o m p o s i t i o n  

Ti+B  in  c o n v e n t i o n a l   g r a i n   r e f i n i n g   a m o u n t  
(T i+B  0 . 0 0 6  -   0 . 0 6 % )  

O t h e r s   up  to   0 . 15%  t o t a l   and.  0 .05%  e a c h  

Al  b a l a n c e .  

2.  An  a l u m i n i u m   a l l o y   s h e e t   p r o d u c t   f o r m e d   of  a n  

a l l o y   h a v i n g   t h e   c o m p o s i t i o n  

Ti  and  B  in   c o n v e n t i o n a l   g r a i n   r e f i n i n g   a m o u n t  
(T i+B  0 . 0 0 6  -   0 . 0 6 % )  

O t h e r s   up  to   0 .15%  t o t a l   and  0 .05%  e a c h  

Al  b a l a n c e .  

3.  An  a l u m i n i u m   a l l o y   s h e e t   p r o d u c t   a c c o r d i n g   t o  

c l a i m  1   or  2  in  w h i c h   t h e   i m p u r i t y   c o n t e n t   of  m a g n e s i u m  

i s   h e l d   b e l o w   0 . 0 2 % .  

4.   An  a l u m i n i u m   a l l o y   s h e e t   p r o d u c t   a c c o r d i n g   t o  

c l a i m   1,  2  or  3  in   w h i c h   t h e   c o m b i n e d   c o n t e n t   of  i r o n   a n d  

s i l i c o n   i s   h e l d   b e l o w   1 . 6 % .  

5.  An  a l u m i n i u m   a l l o y   s h e e t   p r o d u c t   a c c o r d i n g   t o  

c l a i m   1,  2  or  3  in   w h i c h   t h e   c o m b i n e d   c o n t e n t   of  i r o n  

and  s i l i c o n   i s   h e l d   in   t h e   r a n g e   of  1 . 3 0  -   1 . 5 0 % .  

6 .  A n   a l u m i n i u m   a l l o y   s h e e t   p r o d u c t   a c c o r d i n g   t o  

any  p r e c e d i n g   c l a i m   in   w h i c h   t h e   r a t i o   of  i r o n / s i l i c o n  

i s   above   1 . 0 0 .  



7.  An  a l u m i n i u m   a l l o y   s h e e t   p r o d u c t   a c c o r d i n g   t o  

any  of  c l a i m s   1  -   5  i n   w h i c h   t h e   r a t i o   of  i r o n / s i l i c o n  

i s   in   t h e   r a n g e   of  0 . 9  -   1 . 4 .  

8.  An  a l u m i n i u m   a l l o y   s h e e t   p r o d u c t   a c c o r d i n g   t o  

c l a i m   1  i n   w h i c h   t h e   m a n g a n e s e   c o n t e n t   i s   h e l d   b e l o w  

0 . 2 % .  

9.  An  a l u m i n i u m   s h e e t  p r o d u c t   a c c o r d i n g   t o  

c l a i m   2  h a v i n g   a  t h i c k n e s s   i n   t h e   r a n g e   of  15  m i c r o n s  

to   3  mm. 

10 .   An  a l u m i n i u m   s h e e t   p r o d u c t   a c c o r d i n g   to   c l a i m  

2  or  9  i n   w h i c h   t h e   p r o d u c t   has   b e e n   s u b j e c t   to   3 0 - 6 0 %  

r e d u c t i o n   by  t e m p e r   r o l l i n g   and  i s   c h a r a c t e r i s e d   by  a n  

e a r i n g   v a l u e   of  no  more  t h a n   2%,  a  U . T . S .   i n   e x c e s s   o f  

150  MPa  and  a  g r a i n   s i z e   b e l o w   100  m i c r o n s .  

11'.  An  a l u m i n i u m   s h e e t   p r o d u c t   a c c o r d i n g   t o  

c l a i m   10  h a v i n g   a  t h i c k n e s s   i n   t he   r a n g e   0 . 1 5  -   0 . 2 5   mm. 
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